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* NOTICES * 

Japan Patent Office is not responsible for any 
dam ages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



(57) [Claim(s)] 

1. Reforming approach on front face of organic substance which controls surface energy on front face of 
organic substance, is approach of reforming the front face, processes said organic substance front face using 
mixed-gas plasma originating in mixed gas containing fluorine system gas and oxygen gas, and controls 
surface energy on said front face of organic substance by changing mixing ratio of said mixed gas. 

2. Said fluorine system gas is the reforming approach on the front face of an organic substance given in the 
1st term of a patent claim which is NF3. 

3. Reforming approach on front face of organic substance given in the 1st term of patent claim that said 
fluorine system gas is SF6. 

4. Reforming approach on front face of organic substance given in the 1st term of patent claim that said 
fluorine system gas is CF4. 

5. the claim performed by adding inert gas further into said mixed gas - the reforming approach on the front 
face of an organic substance given in any 1 term of the l-4th terms. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[Industrial Application] 

This invention relates to the approach of controlling the surface energy on the front face of an organic 
substance, and reforming that front face at will especially, about the reforming approach on the front face of 
an organic substance. 

[The trouble which a Prior art and invention tend to solve] 

Generally, the front face of an organic substance has surface energy peculiar to the organic substance 
concerned. Therefore, in manufacturing a semiconductor device, for example, there were the following 
troubles. When using organic film, such as ********, photopolymer organic film, and a resist, as a mask 
and etching a lower layer etching ingredient with etching reagents, such as a hydrofluoric acid, the organic 
film is the problem that the adhesion of an etching reagent and the organic film is bad to eye backlash which 
is hydrophobicity, and crawls an etching reagent on the organic film at it. If the organic film crawls an 
etching reagent, etching of a detailed pattern will become impossible and etching unevenness will arise. 
Furthermore, in rinsing down stream processing which is the following process, generating of a stain etc. 
takes place to the semi-conductor front face after rinsing processing for the badness of the adhesion of water 
and the organic film. 

Moreover, it may be necessary to make an organic substance front face into hydrophobicity further 
depending on a field. The technique given in JP,53-27306,B is known as a conventional surface treatment 
method in such a case. JP,53-27306,B indicates the technique of the plasma treatment on the front face of an 
organic substance by the single or mixed gas of inert gas. However, the conventional technique concerned is 
not enough as an approach to carry out surface energy control of the organic substance front face. Moreover, 
this technique is effective when making the front face of an organic substance into hydrophobicity, but in 
making an organic substance front face into a hydrophilic property, it is not helpful at all. 
It was made in order that this invention might solve the above troubles, and the surface energy on the front 
face of an organic substance is controlled to arbitration, and it aims at offering the reforming approach on 
the front face of an organic substance which can give a hydrophilic property or hydrophobicity freely to an 
organic film front face. 
[Means for Solving the Problem] 

This invention controls the surface energy on the front face of an organic substance, and relates to the 
approach of reforming that front face. And an organic substance front face is processed using the mixed-gas 
plasma originating in the mixed gas containing fluorine system gas and oxygen gas, and it is characterized 
by controlling surface energy at will by changing the mixing ratio of this mixed gas. 
[Function] 

Since an organic substance front face is processed using the mixed-gas plasma originating in the mixed gas 
containing fluorine system gas and oxygen gas, the surface energy on the front face of an organic substance 
can be changed. Moreover, the surface energy on the front face of an organic substance can be freely 
changed by changing the mixing ratio of mixed gas. 
[Example] 

Hereafter, one example of this invention is explained about drawing. 

Fig. 1 is a schematic diagram of the parallel monotonous mold etching system for carrying out this 
invention. 

In the vacuum housing 1, 2nd one RF electrode 3 with which the 1st will be rich RF electrode 2 is arranged. 
The end of 1st RF electrode 2 is grounded. The silicon wafer is put on 2nd RF electrode 3. The organic film 
is formed in silicon wafer 4 front face (not shown). The organic film is organic film of a photopolymer. The 
organic film of a photopolymer is used as an etching mask in the production process of a semiconductor 
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device. The vacuum housing 1 is equipped with a gas inlet 5 and the flueing opening 8. 2nd RF electrode 3 
is connected to the high-frequency oscillator 6 through the capacitor 7. The end of a high-frequency 
oscillator 6 is grounded. 

Next, how to reform an organic substance front face using this equipment is explained. 
The silicon wafer 4 with which the organic film was formed on 2nd RF electrode 3 is placed. Subsequently, 
fluorine system gas 3 (3 nitrogen fluoride), for example, NF, or the mixed gas of SF6 (sulfur hexafluoride) 
and 02 (oxygen) is introduced from a gas inlet 5. Although the mixing ratio of mixed gas is naturally 
changed into arbitration, if the addition concentration of 02 uses 50% or more of thing, for example, an 
organic substance front face will become a hydrophilic property so that it may mention later. The addition 
concentration of 02 introduces 50% or more of mixed gas here supposing the case where an organic 
substance front face is made into a hydrophilic property. Subsequently, gas pressure is set as 0.17Torr(s), 
13.56MHz RF power (high-frequency power) is impressed by power-flux-density 0.5 W/cm2, and the 
plasma is generated. And the plasma is exposed to the organic film for about 1 minute, and plasma treatment 
is performed to this organic film. If the organic film which performed the above plasma treatment was used 
as a mask and wet etching was performed by a hydrofluoric acid etc., since the front face of the 
photopolymer organic film by which plasma treatment was carried out would have deteriorated in the 
hydrophilic property, the adhesion of a hydrofluoric acid and the organic film was improving. Consequently, 
etching of a detailed pattern was attained and generating of the etching unevenness in a wet etching process 
has also been prevented. Furthermore, even if it concordance-came to be easy of the organic film front face 
by which plasma treatment was carried out in water and it performed rinsing processing which is a next 
process harder [ which is rich in a hydrophilic property ], the stain etc. was not produced at all. In addition, 
although the above-mentioned example explained the case where an organic film front face was made into a 
hydrophilic property, using 02 addition concentration 50% or more, this invention is not restricted to this. 
Fig. 2 shows relation with theta (contact angle with water) of the organic film after the oxygen mixing 
concentration (%) and processing at the time of changing the mixing ratio of mixed gas. The plot shown 
with the broken line is the mixed-gas system of NF3 and 02. The plot shown as the continuous line is a plot 
of the mixed-gas system of SF6 and 02. An alternate long and short dash line does not perform plasma 
treatment, and serves as criteria. As for a large thing, the contact angte theta with water expresses that 
hydrophobicity is size, and, as for a small thing, the contact angle theta with water expresses a hydrophilic 
property. By changing the mixing ratio of the oxygen in mixed gas, the surface energy of an organic film 
front face can be changed continuously, and an organic film front face can be freely deteriorated in a 
hydrophilic property and hydrophobicity so that it may be suggested from the result of Fig. 2 . Such a 
control approach is not found in the conventional technique. 

Moreover, although the above-mentioned example illustrated and explained the case where the mixed gas 
which consists of fluorine system gas and oxygen gas was used, this invention is not restricted to this, and 
even if it adds inert gas further and performs it into mixed gas, it realizes the same effectiveness as an 
example. 

Furthermore, although the case where NF3 and SF6 were used for fluorine system gas was illustrated in said 
example, this invention is not restricted to this, and even if it uses other fluorine system gas of CF4 grade, it 
realizes the same effectiveness as an example. 
[Effect of the Invention] 

As mentioned above, according to the reforming approach on the front face of an organic substance 
concerning this invention, reforming of the front face of an organic substance is carried out by easy 
actuation of processing an organic substance front face, using the mixed-gas plasma originating in the mixed 
gas containing fluorine system gas and oxygen gas. Moreover, the surface energy on the front face of an 
organic substance can be freely changed by changing the mixing ratio of mixed gas. Consequently, an 
organic substance front face can be deteriorated at will in a hydrophilic property and hydrophobicity. 



[Translation done.] 
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